Abstract. The model parameters of 8/6 poles switched reluctance motor (SRM) were determined through using the measured magnetization curve and the establish BP neural network model, selecting Sigmoid function as the hidden layer activation function and using gradient descent method to train the network. The simulated results show that the motor flux linkage model established has a good convergence rate, higher accuracy and generalization ability. It is significant to improve the reliable running and high precision speed control of SRM motor.
Network Structure
The BP learning algorithm belongs to a learning way with teacher's supervising. After the training pattern is provided to BP network, firstly, the input single is sent to implicit node forward via a excitation function and output single from implicit node is sent to output node, it gives output result, and then, in accordance with the direction of reducing the deviation between idea output and actual output, it recondition the network's weighting and threshold value layer-by-layer from output layer to implicit layer until back to output layer and archiving minimum error repeatedly. Recently, BP network is a neural network model which has the most extensive application and the best versatility.
BP neural network magnetic linkage model has three level structures. Input includes stator winding group's current and rotor's position angle. Output is corresponding flux linkage value. Input layer and output layer use linear function to implement full join between them. Implicit layer's neurons use S type functions and output neurons use excitation linear function. Network structure is shown in Fig.1 . (4) Error's Inverse Propagation Procession After finishing once input pattern's forward processing, from assuming it is numbered p sample we can get the deviation for network's expected value and actual output:
When we take the neurons' output mean square deviation as the training sample which is numbered p, network's objective function is followed.
Supposing network's objective function as global error for all training samples which is followed.
The calculation of various layers' network weight and threshold value. Negatively adjusting various layers' network weight and threshold value by gradient descent algorithm, we can solve objective function's weight when needing the minimum along with E's negative gradient direction. BP network's various layers whose correction value is followed.
Here, η is learning rate, 0＜η≤1, and the greater theηthe faster convergence. (6) Return to step (2), according to modified connection weights and threshold value, we have to calculate again for each learning samples, until the result achieves expected global error for the objective function of network (E<ε, ε=a pre-set allowable error for parameters), then learning is ending.
Simulation Verification
After finish the training, we can put certain parameters in equation (1~3) to get an integrated mathematical model for flux linkage. Then, regarding actual measurements which are groups of motor's input current and angle as input model, we can calculate fluxes' output of the model developed. The graphics are shown in Fig.2 . Model's calculation value is less different from actual value (the biggest error less than 0.02Wb) shown in Fig.3 , it illustrates that the SRM flux linkage model was founded by BP network has higher accuracy and reference value. In order to certify the generalization ability of the model, with current every 0.1 A, angle every 0.5° as model input, we achieve flux linkage characteristics of curved surface for BP neural network output as shown in Fig.4 .
Advances in Engineering Research
When taking the input as non-measured data, the linkage has very smooth output curved surface which is founded by BP network shown in Fig.4 . Comparing to measured linkage curved surface, we can find that they are very close and put up the model has very strong generalization ability.
Conclusion
This research controller uses TMS320LF2407 DSP to set up a SRM flux detection system with high reliability and adaptability. Therefore, accurate SRM flux characteristics and nonlinear models are obtained. These studies are of great value for improving motor design and high precision speed regulation. The experiment shows that the system has low cost, high accuracy of flux characteristics obtained by the system and very good effect. Based on measured flux linkage characteristic, it uses BP network to found SRM's flux linkage mathematical model. By comparison calculated flux linkage model and measured flux linkage model, it indicates model has very high accuracy and very strong generalization ability. It has actual significance for SRM's high-performance speed control and online prediction and also provide basis of nonlinear modeling and optimal control for the motor.
